We conducted two experiments to evaluate the effects of dietary energy density and lysine:calorie ratio on the growth performance and carcass characteristics of growing and finishing pigs. In Exp. 1, 80 crossbred barrows (initially 44.5 kg) were fed a control diet or diets containing 1.5, 3.0, 4.5, or 6.0% choice white grease (CWG). All diets contained 3.2 and 2.47 g of lysine/Mcal ME during growing (44.5 to 73 kg) and finishing (73 to 104 kg), respectively. Increasing energy density did not affect overall ADG; however, ADFI decreased and feed efficiency (Gain:feed ratio; G:F) increased (linear, P < .01). Increasing energy density decreased and then increased (quadratic, P < .06) skinned fat depth and lean percentage. In Exp. 2, 120 crossbred gilts (initially 29.2 kg) were used to determine the effects of increasing levels of CWG and lysine:calorie ratio fed during the growing phase on growth performance and subsequent finishing growth. Pigs were fed increasing energy density (3.31, 3.44, or 3.57 Mcal ME/kg) and lysine:calorie ratio (2.75, 3.10, 3.45, or 3.80 g lysine/
Introduction
Improving growth rate and efficiency of nutrient utilization is a common goal of swine producers and nutritionists. Adding fat to swine diets is one method to achieve this goal. Adding 5 or 10% fat to growing-finishing diets has been shown to increase gain:feed ratio (G:F) and decrease ADFI (Southern et al., 1989; Azain et al., 1991; Williams et al., 1994) . Those authors did not observe changes in carcass characteristics with increasing dietary fat. Feeding 5% fat to growing-finish-1 Contribution no. 98-323-J from the Kansas Agric. Exp. Sta., Manhattan 66506. 2 The authors wish to thank Joe Loughmiller, Jon Bergstrom, Brian Richert, Ben Nessmith, and Rob Musser for technical assistance and data collection. 3 To whom correspondence should be addressed. Received July 9, 1998. Accepted April 30, 1999.
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Mcal ME). No energy density × lysine:calorie ratio interactions were observed (P > .10). Increasing energy density increased ADG and G:F and decreased ADFI of pigs from 29.5 to 72.6 kg (linear, P < .05). Increasing lysine:calorie ratio increased ADG and ADFI (linear, P < .01 and .07, respectively) but had no effect on G:F. From 72.6 to 90.7 kg, all pigs were fed the same diet containing .90% lysine and 2.72 g lysine/Mcal ME. Pigs previously fed with increasing lysine:calorie ratio had decreased (linear, P < .02) ADG and G:F. Also, pigs previously fed increasing CWG had decreased (linear, P < .03) ADG and ADFI. From 90.7 to 107 kg when all pigs were fed a diet containing .70% lysine and 2.1 g lysine/Mcal ME, growth performance was not affected by previous dietary treatment. Carcass characteristics were not affected by CWG or lysine:calorie ratio fed from 29.5 to 72.6 kg. Increasing the dietary energy density and lysine:calorie ratio improved ADG and G:F of growing pigs; however, pigs fed a low-energy diet or a low lysine:calorie ratio from 29 to 72 kg had compensatory growth from 72 to 90 kg. ing pigs housed in hot environments and during summer months improved ADG and G:F without affecting carcass leanness (Stahly and Cromwell, 1979; Stahly et al., 1981) . However, a review by Pettigrew and Moser (1991) indicated that added fat in growing-finishing pig diets generally increased carcass fatness. The varied responses to fat supplementation raise concerns about the interrelationships among energy and other nutrients.
To explain the variation in response to increasing energy in swine diets, several studies have examined the relationship between energy and protein content of the diet and have shown positive correlations. Increasing the lysine:energy ratio in growing pig diets improved ADG and G:F (Batterham et al., 1985; Rao and McCracken, 1990; Chiba et al., 1991) . Van Lunen and Cole (1996) observed that increasing the lysine:calorie ratio decreased backfat depth in high-lean-growth pigs without affecting growth rate. Castell et al. (1994) observed increased ADG, improved G:F, and decreased Diets contained increasing levels (0, 1.5, 3, 4.5, or 6%) of choice white grease. Growing diets were formulated to contain 3.2 g lysine/ Mcal ME, .75% Ca, and .65% P. Finishing diets were formulated to contain 2.47 g lysine/Mcal ME, .65% Ca, and .55% P. Lysine levels ranged from 1.06 to 1.14% in growing diets and .82 to .88% in finishing diets. backfat depth when the lysine:calorie ratio was increased from 1.35 to 2.59 g lysine/Mcal DE.
The objective of these experiments was to evaluate dietary fat additions to growing and finishing diets. In addition, we wanted to determine the effects of energy density and lysine:calorie ratio fed during growing on pig growth performance and subsequent finishing growth and carcass characteristics.
Materials and Methods
Animals, Housing, and Measurements. Procedures used in these experiments follow those proposed by the Kansas State University Animal Care and Use Committee. All pigs were housed in an environmentally regulated building with totally slatted floors. Experiment 1 was conducted from June to September 1995 and Exp. 2 from March to June 1997. Two pigs were housed in each pen (1.5 m × 1.5 m), which had a one-hole feeder and one nipple waterer. Drip coolers were activated when temperatures exceeded 26.4°C, cycling on for 3 out of every 15 min. Pigs were weighed, and feed disappearance was measured every 7 or 14 d to determine ADG, ADFI, and G:F. Feed samples were collected in each trial and analyzed for CP and ether extract (AOAC, 1990) . Analyzed values were similar to the calculated values (Tables 1 and 2) .
At the end of each trial, pigs were slaughtered in a commercial slaughter facility to determine carcass characteristics. Loin and skinned backfat depth were determined via optical probe (Fat-O-Meater, Farmland Foods, Crete, NE) of the hot carcass. In addition, pigs in Exp. 1 were scanned ultrasonically by a certified technician using an Aloka 500V linear array ultrasound unit with a 3.5-MHz, 17-cm transducer (Corometrics Medical Systems, Wallingford, CT) prior to slaughter. Measurements were made 6 to 10 cm from the midline. Ultrasonic images were interpreted to determine 10th rib fat depth and longissimus muscle area (Loin-OMatic, Critical Vision, Atlanta, GA). Experiment 1. Crossbred barrows (n = 80; PIC L326 × C15; initially 44.5 kg) were used to evaluate the effects of increasing energy density in growing-finishing swine diets on growth performance and carcass characteristics. Pigs were allotted by initial body weight to one of five treatments with eight replicates in a randomized complete block design. Choice white grease (CWG) was added at 1.5, 3, 4.5, and 6% to a corn-soybean mealbased control diet ( Table 1 ). The corn-soybean mealbased experimental diets were fed in two phases: growing (44.5 to 72.6 kg) and finishing (72.6 to 104.3 kg). Energy density ranged from 3.31 to 3.56 Mcal ME/kg in growing diets and 3.32 to 3.56 Mcal ME/kg in finishing diets. All diets were formulated to meet or exceed amino acid estimates proposed by NRC (1988) using ratios of other amino acids relative to lysine. A constant lysine:calorie ratio of 3.2 g lysine/Mcal ME was maintained during the growing phase, which resulted in a range of lysine concentrations from 1.06 to 1.14% total lysine. During the finishing phase, a lysine:calorie ratio of 2.47 g lysine/Mcal ME was maintained. Lysine levels ranged from .82 to .88% total lysine. Published nutrient values for individual feed ingredients were used to calculate the amino acid and ME contents of diets (NRC, 1988) .
Experiment 2. Crossbred gilts (n = 120; PIC L326 × C22, initially 29.2 kg) were used to evaluate the effects of increasing energy density and lysine:calorie ratio fed during the growing phase on growth performance and subsequent finishing performance. Pigs were blocked by weight, equalized for ancestry, and allotted to one of 12 dietary treatments arranged in a 3 × 4 factorial. During the growing phase (29.2 to 72.6 kg), pigs were fed increasing energy density (3.31, 3.44, and 3.57 Mcal ME/kg) and lysine:calorie ratio (2.75, 3.10, 3.45, and 3.80 g lysine/Mcal ME; Table 2 ). Corresponding total lysine concentrations ranged from .91 to 1.39%. When the average weight of pigs within a block reached 72 kg, pigs were switched to a common finishing diet until the average weight reached 90 kg, when a second common finishing diet was fed. Growing diets were formulated to contain .70% Ca and .60% P. The lysine content of the experimental diets was achieved by adjusting the amounts of corn and soybean meal. The common diet fed during early finishing was formulated to contain .65% Ca, .55% P, and 2.72 g lysine/Mcal ME (.90% lysine). The diet fed from 90.7 to 107 kg was formulated to contain .55% P, .50% Ca, and 2.10 g lysine/Mcal ME (.70% lysine). All diets were formulated to ensure lysine was first-limiting using a ratio of other amino acids to lysine proposed by NRC (1988). Experimental growing diets were formulated to contain .70% Ca and .60% P. Total lysine levels ranged from .91 to 1.36%. The common diet fed from 72.6 to 90.7 was formulated to contain .65% Ca, .55% P, and 2.72 g lysine/Mcal ME. The common diet fed from 90.7 to 107 kg was formulated to contain .55% Ca, .50% P, and 2.10 g lysine/Mcal ME. Statistical Analysis. Data from both experiments were analyzed as a randomized complete block design using the GLM function of SAS (1988) . Pigs were blocked by initial weight and equalized for ancestry. Pen was the experimental unit. Eight (Exp. 1) and five (Exp. 2) replicate pens were used per treatment. In Exp. 1, linear and quadratic polynomials (Peterson, 1985) were used to determine the effects of increasing CWG. Live weight at time of scanning was used as a covariate in the analysis of ultrasound data and hot carcass weight was used as a covariate in the analysis of commercial carcass data from Exp. 1. In Exp. 2, the statistical model included the main and interactive effects of CWG and lysine:calorie ratio. Linear and quadratic polynomials (Peterson, 1985) were used to determine the effects of increasing energy density and lysine:calorie ratio. In Exp. 1, two pens on the 1.5% added fat diet did not have finishing feed intake or efficiency data because of water leaking into the feeders from the overhead sprinklers.
Results and Discussion
Experiment 1. During the growing phase (44.5 to 72.6 kg), increasing dietary energy density decreased ADFI and increased G:F (linear, P < .01; Table 3 ). However, ADG, total lysine intake, and energy intake were not affected by increasing energy density. Stahly et al. (1981) observed increased ADG and improved feed conversion with 5% added fat in diets fed to growing pigs (21 to 60 kg) during summer months. Additionally, Stahly and Cromwell (1979) observed improvements in feed efficiency regardless of temperature when 5% fat was added to diets fed to growing pigs. observed that boars and barrows fed increasing daily amounts of DE from 45 to 90 kg were energy-dependent: as energy intake increased, growth increased. Bikker et al. (1996) made similar observations during the 45-to 85-kg stage of growth, when gilts were fed increasing energy (1.7 to 3.7 × maintenance and ad libitum). As DE intake increased from 4.3 to 10.71 Mcal/d, ADG and G:F increased. In that study, one diet was fed to all pigs, but at varying rates of intake; therefore, the lysine:calorie ratio and amino acid ratios for each level of intake remained constant.
Increasing the energy density of the diet for pigs from 72.6 to 104.3 kg decreased ADG (quadratic, P < .05); pigs fed the diet with no added dietary fat had the greatest gain. Feed efficiency decreased and then increased as energy density of the diet increased (quadratic, P < .02); pigs consuming the diet with 6% added fat had the best G:F. Similar to the growing phase, total energy and lysine intakes were not affected by the energy content of the diet. The decrease in ADG during finishing is surprising and was not observed in other studies evaluating added fat to swine diets (Stahly and Cromwell, 1979; Stahly et al., 1981; Southern et al., 1989) .
For the entire trial (44.5 to 104.3 kg), ADG tended to decrease (quadratic, P < .09) as energy density increased. Feed efficiency increased and ADFI decreased (linear, P < .01) with increasing energy density, which corroborate data presented by several researchers (Tribble et al., 1979; Stahly et al., 1981; Southern et al., 1989) . However, Stahly et al. (1981) and Southern et al. (1989) also reported increased ADG when 5% fat was added to diets fed to growing-finishing pigs. The tendency for decreased ADG for pigs fed the intermediate levels of added fat was unexpected, because the literature shows at least equal or improved gain as fat is added to the diet.
Energy density did not affect 10th rib fat depth or loin muscle area as determined by real-time ultrasound prior to slaughter. However, when pigs were slaughtered, an increase then decrease in backfat depth (BF; quadratic, P < .05) with increasing dietary energy density was observed. The differences between the realtime ultrasound and commercial plant fat depths may be due to the skinning procedure conducted during the slaughter process. Loin muscle depth (LMD) was not affected by increasing energy density of the diet. Percentage lean, calculated from the optical probe data, was negatively correlated with BF in response to dietary energy density (quadratic, P < .06). Percentage lean decreased through 3% CWG and then increased with 6% CWG. Several authors have reported no differences in carcass traits when pigs were fed diets containing added fat (Seerley et al., 1978; Tribble et al., 1979; Azain et al., 1991) . Additionally, Williams et al. (1994) did not observe any differences in backfat depth or loin muscle area between pigs fed diets with no fat and 5% added fat. However, pigs fed the added-fat diet deposited lean more efficiently than pigs fed the diet with no added fat.
Experiment 2. No interactive effects of energy density
and lysine:calorie ratio were detected on any response criteria evaluated in this experiment. From 29.5 to 72.6 kg, increasing energy density improved ADG (linear, P < .05), decreased ADFI, and increased G:F (linear, P < .01; Table 4 ). These latter effects agree with results of the first experiment, but the response of ADG differed. This can be explained partially by the weight of pigs during the growing phase of the first experiment, 44.5 to 72.6 kg, compared to 29.5 to 72.6 kg in this experiment. Bikker and Verstegen (1993) showed that young pigs (20 to 45 kg) are in an energy-dependent stage of growth, so the lighter pigs used in Exp. 2 would be more likely to have increased ADG in response to increasing dietary energy concentration. This was observed in Exp. 2, even though ME intake remained unchanged with increasing dietary energy concentration. In addition, the improvement in G:F and decrease in ADFI observed in pigs fed increasing CWG is similar to results published previously (Stahly and Cromwell, 1979; Stahly et al., 1981) . Tribble et al. (1979) , Campbell and Taverner (1986) , and Southern et al. (1989) also observed improved ADG when pigs were fed added fat. However, Haydon et al. (1989) did not observe improvements in growth performance when growing pigs were fed 5% added fat.
Increasing the lysine:calorie ratio in diets fed to growing pigs improved ADG and ADFI (linear, P < .01 and .07, respectively). Many trials have shown increased growth performance when growing pigs were fed diets with increased lysine concentration (Yen et al., 1986; Rao and McCracken, 1990; Hansen and Lewis, 1993) . Several other trials have examined the effect of lysine concentration on growth performance when dietary energy levels were maintained, in essence examining the effect of varying lysine:calorie ratios. Friesen et al. (1994) fed growing pigs (34 to 72 kg) diets with digestible lysine levels ranging from .54 to 1.04% (2.14 to 3.65 g lysine/Mcal ME). Increasing the lysine:calorie ratio improved ADG and G:F and tended to increase ADFI. Regression analysis further revealed that feeding a diet containing .87% digestible lysine (approximately 3.07 g total lysine:Mcal ME) resulted in maximum G:F in these pigs with high lean growth potential. However, in our study, increasing lysine:calorie ratio did not affect G:F, although ADG and ADFI did mimic the responses observed by Friesen et al. (1994) . In a trial conducted with barley-based diets, observed maximum growth in gilts fed from 20 to 60 kg when the diet contained 2.97 g lysine/Mcal DE. The growth rates from 20 to 60 kg ranged from 523 to 710 g/d, much below that observed in our experiment. Castell et al. (1994) fed barley-based diets with lysine:ME ratios ranging from 1.65 to 2.69 g/Mcal to pigs from 25 to 98 kg. Over this wide weight range, increasing lysine:ME ratio improved ADG and G:F. Fuller et al. (1986) fed similar barley-based diets with lysine:ME ratios ranging from 2.77 to 3.25 g/Mcal to pigs weighing 18 to 65 kg. Lysine was provided either by L-lysine HCl or soybean meal. Increasing the lysine:ME ratio improved ADG but did not affect feed efficiency. The response to increased lysine:ME ratio was greater when lysine was supplied from soybean meal as opposed to crystalline lysine.
When a common diet was fed to all pigs from 72.6 to 90.7 kg, increasing dietary CWG and lysine:calorie during the growing period had a detrimental effect on ADG (linear, P < .03; Table 5 ). This was due to decreased ADFI, lysine intake, and ME intake for pigs that were previously fed diets containing increased CWG during the growing phase (linear, P < .01). In addition, pigs previously fed diets with increasing lysine:calorie ratio during the growing period had poorer G:F (linear, P < .01). This response seems to be compensatory gain by pigs fed the less-nutritive-dense diets during the growing phase (29.5 to 72.6 kg). Chiba (1994) fed pigs diets with either 1.77 or 3.20 g lysine/Mcal DE from 20 to 50 kg. During this period, growth rate was reduced when pigs were fed low-lysine diets. However, when pigs were fed lysine-adequate diets during finishing (50 to 100 kg), those pigs previously fed the lysine-deficient diets grew faster and were more efficient. Even though the low-lysine diet fed by Chiba (1994) had a lower lysine:calorie ratio than those fed in our experiment, the compensatory response to feeding protein-adequate diets was similar. Mersmann et al. (1987) conducted a similar experiment in which pigs were limit-fed for 20 d to reduce live weight and then allowed ad libitum access to feed. During refeeding, previously restricted pigs had greater ADG and ADFI. Similarly, Critser et al. (1995) observed improved ADG and increased ADFI in pigs from 42 to 102 kg after feed intake was restricted for 21. Traditionally, compensatory gain is regarded as primarily fat gain (McMeekan, 1940) . However, the results of this study and work by Critser et al. (1995) indicate that this may not be the case in modern genotypes. We can only speculate about the changes in lean and lipid accretion that may have occurred during the finishing phase of our study, because carcass composition was not determined throughout the study. This warrants further investigation. The level of CWG or lysine:calorie ratio fed during the growing phase did not affect ADG, ADFI, and G:F during late finishing (90.7 to 107 kg; Table 6 ). However, for the entire growing-finishing period, pigs fed increasing CWG during the growing phase had decreased (linear, P < .04) ADFI and increased (linear, P < .01) G:F (Table 7) .
When pigs were slaughtered at 107 kg, no effects of CWG and lysine:calorie ratio fed from 29.5 to 72.6 kg were observed for fat depth, loin depth, or carcass yield (Table 8) . Chiba (1994) did not observe differences in carcass traits in pigs previously fed lysine-deficient diets from 20 to 50 kg and then fed protein-adequate diets from 50 to 100 kg. Wahlstrom and Libal (1983) also did not observe differences in carcass traits at 100 kg in pigs that were fed protein-deficient diets during the first 4 wk of growing.
Implications
Adding choice white grease to a corn-soybean mealbased diet with a constant lysine:calorie ratio from 44 to 104 kg improved feed efficiency. In 29-to 72-kg pigs, increasing dietary energy density and lysine:calorie ratio improved daily gain. However, from 72 to 90 kg, a detrimental effect on growth was observed in pigs previously fed high-energy diets or diets containing a high lysine:calorie ratio. Therefore, large changes in energy or amino acid density may not be conducive to maximizing growing-finishing pig performance.
